The concentration-time profiles of ethanol were determined for capillary blood, end-expired breath, and saliva after 21 healthy men ingested ethanol at 0.68 g/kg body weight. Near the time of obtaining body fluids, the volunteers estimatedtheirfeelingsof intoxication,and body sway (with open and closed eyes), hand tremor, positionalalcohol nystagmus (PAN), and roving ocular movements (ROM) were quantitatively recorded. The concentrationtime profilesof ethanol in blood, breath, and saliva agreed well within individualsbut there were large variations between subjects. The mean saliva-ethanol profiles ran slightlyabove those for bloodand breath. Subjectiveratings of intoxicationand impairment of body function (standing steadiness and hand steadiness) were highestat the time of reaching the peak concentrations of ethanol in body fluids. PAN was evident in most subjects between 60 and 120 mm after the start of drinking, whereas ROM appeared mainly during the postabsorptive phase of ethanol kinetics (120-420 mm). The bloodethanol concentrationthresholds were between 500 and 700 mg/L (50-70 mgldL) when the diminished performance had recovered to baseline values.
This paper deals with the pharmacokinetics of ethanol in specimens of capillary blood, mixed salivary secretions, and end-expired breath. I have compared the concentrations of ethanol in these body fluids with subjective intoxication ratings, body sway, hand tremor, and eye movements.
MaterIals and Methods

Subjects and Conditions
Twenty-one healthy men, mean age 42 years (range 30-55 years) and mean body weight 84 kg (range 74-97 kg), were recruited for this study as paid volunteers. They were all accustomed to moderate drinking and some smoked cigarettes, but not during the experiments. Three subjects were tested in each experimental session. The subjects arrived at the laboratoryat about 0730 without having eaten breakfast.
Starting at 0900, 0910, and 0920, each subject in turn drank 0.68 g of ethanol per kilogram of body weight as neat whisky (ethanol 400 milL) within exactly 20 min. Drinks were served in glasses of different colors and sizes to mask the volumes dispensed to each subject. A meal was served 5 h after the drinking started. Displacement of the cornea-retina potentials were monitored by methods described elsewhere (13) . Electrodes were placed at the outer corners of the eyes to register horizontal movements; the reference electrode was on the forehead. Electrodes were placed over and under the eyes to record vertical movements, with the eyes acting as dipoles. Spontaneous ocular movements were recorded with subjects in a supine position and with the head placed alternately in the right and left lateral positions. The occurrence of PAN and the velocity of the eye movements were derived from tracings made on a chart recorder (13) .
Sampling of Body Fluidsand Determinationof Ethanol
Pharmacokinetics of Ethanol
Blood ethanol, saliva ethanol, and breath ethanol profiles were plotted for each subject. The peak concentration as well as the concentration of ethanol at 40 mm postdrinking were noted. Because body fluids were collected exactly 10 min after the end of drinking, several subjectshad residual alcohol in the mouth so that the peak concentrations of ethanol in breath and saliva were artificially too high. The elimination rates of ethanol from blood, saliva, and breath were established . Impairment scores at various times after drinking were compared with each subject's baseline (predrinking) score. The differences in the impairment score from zero change was evaluated by Student's t-test for paired observations.
Because of large variability in these measurements of impairment, logarithms (base 10) were taken, e.g., log(40 mm) -log(baseline), and the statistical analysis was calculated in terms of logarithms.
The slopes of regression lines were compared by analysis of covariance (20) .
Results
Concent ration-time profiles of ethanol. Figure 1 shows changes of ethanol concentration over time for capillary blood, saliva, and end-expired breath for each of the 21 subjects. The general shapes of these curves agreed well, Figure 3 shows scatter plots of the concentrations of ethanol in blood and breath (lower plot) and in blood and saliva(upper plot) for the specimens collected between 40 and 400 mm after the end of drinking.
The regression statistics are included within the same diagrams. As expected, the correlation coefficients were highly significant: r = 0.97 (blood-saliva) and r = 0.98 (blood-breath).
The slope of the bloodbreath scatter plot (1.039 ± 0.0134) was significantly greater than unity (t = 2.9, P <0.05), and they-intercept (-2.89 ± 0.799) differed significantly from zero (t = 3.6, P <0.05). 
BAC.
Similarly,salivaalcoholmight range from 12% below to 36% above the coexisting BAC. One subject did not show any measurable
PAN after
ingesting the ethanol, 0.68 g/kg body weight.
Ethanol concentration thresholds for recovery from impairment. 
Discussion
More than 70 years ago, on the basis of experiments in animals and humans, Sir Edward Mellanby (21) made the following statement:
Now, although there is an unquestionable relationship between alcohol in the blood and intoxication, it is not certain that the relation between the two is close enough to allow the latter to be strictly determined from the former. This fact would not be of much importance if there were as accurate a measure of intoxication as there is of alcohol in the blood, but this is not the case. The way that ethanol becomes absorbed, distributed, and eliminated from the body can be monitored from serial measurements in specimens of blood, breath, or saliva. However, the saliva ethanol content is about 9% higher than that of capillary blood, presumably because of the differences in water content: 850 gIL in whole blood and 990 g/L in saliva (27). The ratio of blood flow to tissue mass for the salivary glands is very large, and any differences in the concentrations of ethanol attributable to nonequilibrium Their classic study supports the use of saliva as a substitute for blood in pharmacokinetic studies and therefore also as an indirect measure of ethanol-induced impairment.
In the experiments reported here, in which the volunteers drank neat whisky on an empty stomach, the rate of absorption of ethanol occurred so fast that a concentration threshold for onset of impairment could not be established with certainty. However, it was strikingly obvious that the maximum impairment coincided with the time of reaching the peak concentrations of ethanol in blood, breath, and saliva. On reaching the postpeak phase of ethanol kinetics, the degree of impairment rapidly diminished.
This held for subjective estimates of intoxication as well as the various objective tests made.
The threshold limits of ethanol concentration for when a person's test performance recovered
to baseline values were about the same for blood and breath alcohol, but was slightly higher for saliva. More Behavior-based enforcement of drunk driving laws seems hard to justifr, owing to enormous variation in baseline performance (sober state) and to learning effects. Moreover, the relevance of such tests to judging the impairment of driving skills and the risk of being involved in traffic accidents needs further elucidation.
I have shown that the fate of ethanol in the body can be mapped out by analyzing the concentration reached in capillary blood, saliva, or end-expired breath. Appreciable interindividual differences in the concentrationtime proffles of ethanol were observed, regardless of the body fluid analyzed and despite the fact that the dose was adjusted for different body weights (0.68 g/kg). However, subjective feelings of intoxication and objective tests of impairment showed even greater variation between different subjects. I conclude that breath alcohol and saliva alcohol can substitute for BAC measurements to establish the time course of ethanol metabolism in the body and the associated impairment in a person's performance and behavior, if any.
